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• Wafer prober measurements up to 110 GHz
• Commercially available wet-etching process
• RF-Substrate thickness 125 µm (carrier with 700 µm)
• Probe-pitch 100 µm (GSG)

minute launching pads required
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• Measured Phase/DK for MS up to 110 GHz 

• Major cause for dispersion:
– up to 20 GHz
– above

• Conclusion
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• Strong decrease up to 20 GHz and 
slight increase up to 110 GHz

• Change of DK within ±1% due to
manufacturer

• DKapp contains not only dielectric-
but also conductor properties
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Apparent permittivity DKapp revised:
• Propagation constant:ߛ ,ݓ ݐ ൌ ߙ	  ߚ݆ ൌ 	 ܴᇱ  ′ܮ݆߱ ᇱܩ  ′ܥ݆߱

Resistance p.u.l.: ܴᇱ ൌ 	 ఘ ൌ 	 ఘ௪ ௪,௧ ఋೞೖ 	→ ܴᇱ ∝ ࢌ
Inductance p.u.l.: ܮᇱ ൌ 	 ᇱ௫௧ܮ 	ܮᇱ௧ with	ܮᇱ௫௧ ൌ .ݐݏ݊ܿ ᇱ௧ܮ  & ൌ ோᇲఠ ∝ / ࢌ

 ,ܭܦ ൌ ఉబఠ ଶ ൌ ூ ఊ ௪,௧ బఠ ଶ → ,ܭܦ	 ,ݓ ݐ
• DKapp is coupled to utilized copper cladding (i.e. roughness, thickness, and purity)

• At certain frequency only surface current
present  depends also on surface 
roughness
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• Dispersion for e.g. electrical field:
– 1 GHz: significant part of E-field propagates in air
– 110 GHz: most of E-field is concentrated in substrate
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• Field pattern for non-TEM mode:
– “pure” TEM at 1 GHz is subtracted from quasi-TEM at 110 GHz
– Field magnitude falls drastically above MS-line
– Compresses into substrate
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Thank you for your attention!


